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© A gas concentration and/or bulk flow rate sensor 
(10) suitable for measuring the oxygen concentration 
and the bulk flow rate of gas delivered to a patient 
for medical purposes. Two piezoelectric transducers 
(12, 13) mounted on a printed circuit board (11) are 
interconnected by an elongated coiled tube (19). The 
gas is flowed around one of the transducers (12,13), 
through the tube (19) and around the other trans- 
ducer (12,13). Periodically, one of the transducers is 
energized with a single short duration pulse to trans- 
mit a sonic wave through the gas to the other 
transducer. The travel time for the sonic wave is 
measured. The two transducers (12,13) are alter- 
nately used as transmitters and receivers so that the 
wave travel time is measured both with and against 
the gas flow direction. A thermistor (33) is located in 
the center of the coiled tube (19) for measuring the 
temperature of the gas. From the measured times, 
the measured temperature and stored formulas, a 
microprocessor (40) calculates the oxygen concen- 
tration and/or the bulk flow rate for the gas. The 



sensor (10) also may be used to measure other 
components of a gas mixture. 
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Technical Field 

The invention relates to sensors and more par- 
ticularly to a gas concentration and flow sensor 
suitable, for example, for indicating the flow rate 
and concentration of oxygen in gas delivered to a 
patient for medical purposes. 

Background Art 

Various types of sensors have been designed 
for measuring properties of gas. For example, sen- 
sors have been designed for measuring the per- 
centage of a particular component in a gas mixture. 
Air is primarily made up of nitrogen, oxygen and 
lesser amounts of carbon dioxide and argon. Oxy- 
gen concentrators have been used for removing 
nitrogen and carbon dioxide from a flow of air. An 
oxygen concentrator may be used, for example, for 
supplying an oxygen rich product gas for medical 
purposes, for aircraft emergency gas supplies or 
for commercial purposes such as a source of oxy- 
gen for welding. The product gas from an oxygen 
concentrator of the molecular sieve type may be 
up to 95.7% oxygen with the remainder 4.3% ar- 
gon which is not removed by the concentrator. It is 
desirable to have a gas concentration sensor ca- 
pable of indicating the percentage of oxygen in the 
product gas from an oxygen concentrator. Also, it 
is desirable to have a sensor capable of indicating 
the bulk flow rate for the product gas from an 
oxygen concentrator. For medical applications, it 
may be critical to maintain a specific flow rate of 
gas having a predetermined high oxygen concen- 
tration to a patient. Sensors may be used to moni- 
tor the delivered gas to assure that the patient's 
requirements are met. 

In a December, 1987 report for the USAF 
School of Aerospace Medicine, W. R. Dagle de- 
scribes a sensor capable of measuring both oxy- 
gen concentration of a flowing gas and the bulk 
flow rate. The gas flow is passed through a cylin- 
drical chamber in a sensor housing. Two piezoelec- 
tric transducers are mounted on diametrically op- 
posite sides of the chamber and are aligned along 
an axis inclined to the axis of gas flow through the 
chamber. A thermistor also is mounted to measure 
the temperature of the gas flowing through the 
chamber. Periodically, one of the transducers is 
driven with an electrical signal to emit a burst of 
ultrasonic energy into the chamber. The time re- 
quired for the resulting ultrasonic wave to travel 
through the gas from the transmitting transducer to 
the receiving transducer is measured. The travel 
time is affected by the length of the path between 
the transducers, by the composition of the gas, by 
the temperature of the gas and by the flow rate of 
the gas. Since the travel time is affected by the 



gas flow, the two transducers are alternately op- 
erated as transmitters and receivers so that al- 
ternate ultrasonic wave travel times will be mea- 
sured in the gas flow direction and against the gas 

5 flow direction. The average of the two measured 
ultrasonic wave travel times through the gas and 
temperature of the gas are used for calculating the 
percentage of oxygen in the gas and the difference 
between the two measured times and the mea- 

70 sured temperature are used for calculating the bulk 
flow rate of the gas. However, difficulties have 
occurred in manufacturing sensors of this type on a 
commercial scale which have a consistent high 
accuracy and a low manufacturing cost. Manufac- 

75 turing tolerances are quite critical to the accuracy 
of the sensor. 

Douglas United States patent 5,060,506 shows 
similar apparatus for measuring the concentration 
of a gas constituent. However, in the Douglas ap- 

20 paratus a very short sensing chamber (1.5 inches, 
3.81 cm) is combined with a low flow rate in the 
sensing chamber. Together, these prevent measur- 
ing bidirectionally to produce meaningfully different 
travel times from which to calculate bulk flow rate. 

25 The transmitting transducer is excited with a burst 
of ultrasonic waves to transmit an ultrasonic wave 
burst through the gas. Sufficient time must be 
maintained between successive bursts to prevent 
standing waves causing noise problems in the test 

30 chamber. 

Disclosure Of Invention 

According to the present invention, an im- 

35 proved sonic sensor has been developed for mea- 
suring the concentration of oxygen or of another 
component in a flowing binary gas mixture. In 
obvious extension, a gas of n components, (n-2) of 
which are in fixed ratio, may likewise be measured. 

40 As an example, carbon dioxide concentration in 
mixtures of air and carbon dioxide may be mea- 
sured in incubators. The bulk flow rate of the gas 
through the sensor is also measured. The sensor 
includes a sonic cell and related control circuitry 

45 including a microprocessor which calculates the 
gas concentration and the bulk flow rate from 
stored formulas and data obtained from the sonic 
cell. The sonic cell includes two piezoelectric trans- 
ducers are mounted in spaced relationship on a 

50 printed circuit board. A manifold block is attached 
to the printed circuit board to form a separate 
enclosed chamber for each transducer. The cham- 
bers are connected by an elongated small diameter 
tube which may be coiled to reduce its spatial 

55 requirements. The tube provides a path for sound 
waves to travel between the transducers which is 
significantly longer than the spacing between the 
transducers. The gas under test is delivered to one 
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of the chambers, flows around the transducer in the 
chamber, flows through the elongated tube to the 
other chamber and around the other transducer, 
and is withdrawn from the other chamber. A ther- 
mistor is positioned in the center of the tube with 
its two lead wires exiting out opposite ends of the 
tube for accurately measuring the temperature of 
the gas flowing through the tube. 

Periodically, one of the transducers is excited, 
preferably with a single pulse. A resulting sonic 
wave emitted from such transducer travels through 
the tube and is received by the other transducer. 
The travel time for the sonic wave to travel the 
length of the tube is measured and is stored in a 
microprocessor. The transducers are alternately ex- 
cited so that two successive time measurements 
represent the forward and reverse travel times for 
sonic waves relative to the gas flow direction. 
These time measurements, the length of the path 
between the sensors and the measured tempera- 
ture are used to calculate the percentage of oxy- 
gen or of another component of the gas and/or to 
calculate the bulk flow rate through the sonic cell. 

The design of the sonic cell provides a long 
travel path for sound waves traveling between the 
transducers and provides for an accurate gas tem- 
perature measurement. The long path through the 
tube increases the accuracy of the sensor and 
reduces affects of normal manufacturing tolerances 
so that individual sensor calibration is simplified. 
Further, by using a small diameter tube, the gas 
velocity through the tube is increased, thus provid- 
ing a higher resolution of the bulk flow rate. 

Accordingly, it is an object of the invention to 
provide an improved sensor of the type which 
measures the concentration of a component of a 
gas and/or measures the flow rate of the gas by 
periodically transmitting a sonic wave through the 
gas and measuring the travel time for the sonic 
wave over a known distance. 

Other objects and advantages of the invention 
will become apparent from the following detailed 
description of the invention and the accompanying 
drawings. 

Brief Description Of The Drawings 

Fig. 1 is a perspective view of sonic cell for a 
gas concentration and/or bulk gas flow sensor 
according to the invention; 
Fig. 2 is a fragmentary cross sectional view as 
taken along line 2-2 of Fig. 1; 
Fig. 3 is a fragmentary cross sectional view as 
taken along line 3-3 of Fig. 2; and 
Fig. 4 is a schematic block diagram showing 
circuitry for operating the sensor of the inven- 
tion. 



Best Mode For Carrying Out The Invention 

Referring to Figs. 1-3 of the drawings, a sonic 
cell 10 is shown for a gas concentration and/or gas 

5 bulk flow sensor according to the invention. The 
sonic cell 10 includes a printed circuit board 11 on 
which is mounted a portion of the circuitry (not 
shown) for the sensor. A pair of piezoelectric trans- 
ducers 12 and 13 are mounted on the printed 

w circuit board 11. The transducers are spaced apart 
by a predetermined small distance, such as about 
2.5 inches (6.35 cm). Mounting the transducers 12 
and 13 directly and close together on the printed 
circuit board 11 provides for manufacturing ease 

75 and also minimizes the length of electrical connec- 
tions between the transducers 12 and 13 and asso- 
ciated circuitry to reduce electrical noise in the 
circuitry 

A manifold block 14 is secured by a number of 

20 screws 15 to the printed circuit board 11 to cover 
the transducers 12 and 13. The manifold block 14 
forms a chamber 16 enclosing the transducer 12 
and a chamber 17 enclosing the transducer 13. 
The chambers 16 and 17 are isolated from one 

25 another. A recess 18 is formed in the manifold 
block 14 adjacent the printed circuit board 11 be- 
tween the chambers 16 and 17 to permit clearance 
of circuit board components. A tube 19 is secured 
to a fitting 20 on the manifold block 14. A passage 

30 21 (Figs. 2 and 3) through the fitting 20 leads to 
the chamber 16. Similarly, a tube 22 (Fig. 2) is 
secured to a fitting 23 on the manifold block 14. A 
passage 24 through the fitting 23 leads to the 
chamber 17. An elongated small diameter tube 25 

35 has an end 26 secured to the manifold block 14 to 
be in communications with the chamber 16 and 
has an opposite end 27 secured to the manifold 
block 14 to be in communications with the cham- 
ber 17. The manifold block 14 and the tube 25 may 

40 be formed from various materials. For example, 
sonic cells have been successfully constructed with 
both the manifold block 14 and the tube 25 made 
from a thermoplastic polyether based polyurethane 
and they have been made with the manifold block 

45 14 formed from Delrin and the tube 25 formed from 
polyvinyl chloride (PVC). 

The gas under test is delivered to the sonic 
cell 10 through, for example, the tube 19 to flow 
sequentially through the chamber 16, the tube 25 

so and the chamber 17 to the tube 22. Or, the gas 
may flow in the reverse direction through the sonic 
cell 10. The gas flow through the sonic cell 10 is 
directed over both of the transducers 12 and 13. 
Preferably, the chambers 16 and 17 are designed 

55 to direct the air flow around the transducers 12 and 
13 with minimum turbulence. In order to reduce the 
overall dimensions of the sonic cell 10, the tube 25 
preferably is wound into a coil 28. By winding the 
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tube 25 into a coil 28, a long tube be provided in a 
small space. A bracket 29 is shown secured to the 
manifold block 14 for mounting the sonic cell 10 in 
application. Also, the coil 28 may be supported by 
securing it to the bracket 29 with a wire tie 30. 

The long flow path provided by the coiled tube 
25 provides several other advantages. The long 
path allows accumulation of significant differences 
in travel time with or against the gas flow, thereby 
enabling food resolution of gas flow rate. Further, 
when the transducers are aligned with a short dis- 
tance between the transducers, the housing for the 
transducers must be designed to minimize turbu- 
lence which might adversely affect the measured 
time. Since the travel time for the sonic pulse will 
be quite short with the transducers closely spaced, 
the adverse affects of turbulence in the flowing gas 
will be increased. Complex design considerations 
were necessary in the past to assure laminar flow 
at the transducers. With the long flow path pro- 
vided by the coiled tube 25, the effects of turbu- 
lence are averaged out. Measurement over a flow 
path several wavelength long renders negligible the 
small impact of pressure on the transducers and 
reduces the impact of ambient temperature on the 
receiving transducer's response slope. Finally, the 
long flow path allows for single point calibration of 
the sonic cell 10. For long tubes 25, manufacturing 
variations in tube length lead to variations in the 
slope term in the formula used to calculate gas 
concentration which are sufficiently small that they 
may be ignored and the slope term may be as- 
sumed to be constant from sonic cell to sonic cell. 
This allows for a single point calibration which is 
faster and easier to evaluate as a quality control 
parameter. 

To minimize attenuation of the sonic wave as it 
travels through the tube 25, the optimal inside 
diameter of the tube should be equal to the 
wavelength of the sonic wave. For example, if the 
transducers 12 and 13 have a natural frequency of 
40 KHz., the tube 25 optimally has an inside diam- 
eter of about 7.5 mm or about 0.3 inch. The sonic 
cell 10 will function with other inside diameters for 
the tube 25. However, attenuation will increase with 
larger or smaller diameters. For example, the signal 
measured at a receiver connected to a transducer 
at the end of a 13 inch (0.33 meter) tube through 
which a 40 KHz. ultrasonic wave was transmitted 
was 3.03 volts for a tube having an inside diameter 
of 0.375 inch (0.95 cm), was 2.32 volts for a tube 
having an inside diameter of 0.500 inch (1.27 cm) 
and was 0.75 volts for a tube having an inside 
diameter of 0.688 inch (1.75 cm). Similar de- 
creases will be found when the inside diameter is 
decreased below the optimum diameter. There are 
several advantages of using transducers 12 and 13 
with high resonant frequencies and a small diam- 



eter tube 25. The transducers 12 and 13 will have a 
smaller diameter for higher frequencies. The small- 
er diameter typically reduces both the cost and 
power consumption of the transducers. The higher 

5 frequency also has less attenuation both for smaller 
diameter tubes and for smaller coil diameters. Fur- 
ther, it results in more wavelengths for a given coil 
length, leading to improved accuracy. The small 
inside diameter of the tube 25 will increase the flow 

w velocity of the gas for a given bulk flow rate, thus 
producing a higher resolution of the bulk flow rate. 
Finally, the small inside diameter permits a tighter 
coil 28, thus reducing the overall size of the sonic 
cell 10 and it represents a manufacturing cost 

75 reduction. The use of the tube 25 assures that the 
path for the sonic wave will always be greater than 
the spacing between the transducers 12 and 13. 
For shorter lengths of the tube 25, the coil 28 may 
only extend 180*. As the length of the tube 25 

20 increases, the number of windings of the coil 28 
may increase. 

The length of the coiled tube 25 is selected by 
balancing two factors. First, the accuracy of the 
measurements is increased with increased tube 

25 length. On the other hand, the amplitude of the 
signal at the receiving end of the tube falls off as a 
function of the square root of the tube length. For 
example, for a tube having an inside diameter of 
0.375 inch (0.95 cm) excited with a 40 KHz. ultra- 

30 sonic wave, a signal of 3.03 volts was observed at 
a receiver connected to a transducer at the receiv- 
ing end of a 13 inch (0.33 meter) tube, a signal of 
2.27 volts was observed at the receiver for a 21 .5 
inch (0.55 meter) tube, a signal of 1.45 volts was 

35 observed at the receiver for a 32 inch (0.81 meter) 
tube and a signal of 1.27 volts was observed at the 
receiver for a 43.5 inch (1.10 meter) tube. A 32 
inch (0.81 meter) tube has been found to be a 
good compromise for a commercial sonic cell. 

40 In operation of the sonic cell 10, preferably a 
single electric pulse is applied, for example, 
through wires 31 to the transducer 12. The pulse 
causes the transducer 12 to move to generate a 
sonic wave which travels from the chamber 16 

45 through the tube 25 to the chamber 17, where it is 
received by the transducer 13. In response to 
sensing the sonic wave, the transducer 13 gen- 
erates an electric signal which appears on wires 
32. Subsequently a single electric pulse is applied 

50 through the wires 32 to excite the transducer 13 to 
transmit a sonic wave which travels through the 
tube 25 and is received by the transducer 12. As 
will be explained below, the times that the sonic 
wave takes to travel in opposite directions between 

55 the transducers 12 and 13 are measured and used 
to calculate the composition of the gas in the tube 
25 and/or to calculate the bulk flow rate of the gas 
through the tube 25 
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Although the transducers 12 and 13 may be 
excited by a burst of ultrasonic waves, it is prefer- 
able to use a single short duration pulse to excite 
the transmitting transducer. By using a single 
pulse, the noise duration is shortened to a level 
which can be ignored. A single pulse also reduces 
power consumption over generating bursts of ultra- 
sonic waves. This in turn reduces heating of the 
transducers 12 and 13. Minimizing heating of the 
transducers 12 and 13 diminishes the compensa- 
tion required for the effect of temperature on the 
response of the receiver transducer. Optimally, the 
length of the single pulse is one half wavelength of 
the natural resonant frequency of the transducers 
12 and 13. 

The speed at which the sonic wave travels 
through the gas in the tube 25 will be dependent 
on the absolute temperature of the gas. A ther- 
mistor 33 is located within the tube 25. Preferably, 
a thermistor 33 having a small bead size is used to 
provide a fast response time at a high level of 
resolution and accuracy. The thermistor 33 is gen- 
erally centered in the coiled tube 25 between the 
tube ends 26 and 27. One lead 34 from the ther- 
mistor 33 extends through the tube 25 to exit the 
end 26 and to pass through the chamber 16 and 
the printed circuit board 1 1 . A second lead 35 from 
the thermistor 33 extends through the tube 25 to 
exit the end 27 and pass through the chamber 17 
and the printed circuit board 1 1 . Locating the ther- 
mistor 33 in the center of the tube 25 provides 
several benefits. External thermal effects are mini- 
mized and a more accurate measurement of the 
average gas temperature over the length of the 
tube 25 may be made. Further, the thermistor 
leads 34 and 35 will be exposed to and will be at 
the gas temperature so that they will aid in bringing 
the thermistor bead to the gas temperature and will 
not adversely influence the measured temperature. 
This arrangement provides a substantially more 
meaningful measurement of the temperature of the 
flowing gas than a thermistor which is mounted on 
and influenced by a surface of the printed circuit 
board 11 or, in worst cases, which is actually 
mounted external to the flowing gas stream. 

Fig. 4 is a block diagram showing circuitry 36 
for operating the transducers 12 and 13, for read- 
ing the temperature sensed by the thermistor 33 
and for calculating a gas concentration or the bulk 
flow rate of gas flowing through the sonic cell 10. A 
driver 37 alternately applies an electric pulse to the 
transducers 12 and 13 to transmit sonic waves 
through the tube 25 (Fig. 1). The transducer 12 
also is connected to a receiver 38 and the trans- 
ducer 13 also is connected to a receiver 39. The 
receivers 38 and 39 are amplifiers for the sonic 
signals received by the transducers 12 and 13, 
respectively. The driver 37 and the receivers 38 



and 39 are connected to a microprocessor 40. 
which includes a non-volatile memory 41. The 
memory 41 stores formulas for use by the micro- 
processor 40 in calculating the percentage of a 

5 component of the gas and in calculating the bulk 
flow rate of the gas. The microprocessor 40 is 
programmed to cause the driver 37 to alternately 
apply a short duration single trigger pulse to the 
transducers 12 and 13. For example, the driver 

w may apply a single 12.5 us 24 volt pulse to the 
transducer 12. When a pulse is applied to the 
transducer 12, a sonic wave is established in the 
manifold chamber 16. At the same time, a counter 
in the microprocessor 40 is enabled to count 

75 pulses from a clock. The counter accumulates the 
pulse count while the sonic wave travels through 
the tube 25 to the other transducer 13. In response 
to excitation by the sonic wave, the receiving trans- 
ducer 13 applies a signal to the receiver 39 which 

20 in turn is amplified and applied to the microproces- 
sor 40 to interrupt the clock pulse count. The 
accumulated clock pulse count is a function of the 
time taken for the sonic wave to travel between the 
transducers 12 and 13. For the next period, the 

25 transducer 13 is driven as a transmitter to generate 
a sonic pulse and the transducer 12 is operated as 
a receiver. Consequently, one time measurement 
represents the sonic wave travel time in the gas 
flow direction and the next tune measurement re- 

30 presents the sonic wave travel time opposite the 
gas flow direction. 

The microprocessor 40 calculates the concen- 
tration of a gas constituent according to the for- 
mula: 

35 

P = Q ^ — +CT+C, 
\T\t,+t, ■ 3 

40 

wherein P is the percentage concentration of the 
measured gas constituent, &, C2, and C3 are con- 
stants for the sonic cell 10, T is the absolute 

45 temperature sensed by the thermistor 33, t f is the 
measured time for the sonic wave to travel be- 
tween the sensors 12 and 13 in the direction of gas 
flow through the tube 25 and t r is the measured 
time for the sonic wave to travel between the 

50 sensors 12 and 13 in a direction against the gas 
flow through the tube 25. The constant C1 is solely 
a function of the design (primarily path length) of 
the sensor. C1 can be determined empirically once, 
with a single sonic cell 10, and then applied equal- 

55 ly to all further sonic cells 10 of the same design. 
The constant C2 is a function of the coil material 
and the temperature response characteristics of the 
transducers 12 and 13. When the coil material and 
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transducers are specified, Oi also can be deter- 
mined empirically by solving simultaneously sets of 
the above equation for data generated at several 
temperatures. Determined in this manner, the same 
value for d may be applied to all sensors of the 5 
same design. The constant C3 varies from unit to 
unit and is measured specifically for each sensor 
by means of calibration with a gas standard of 
known composition, for example, percentage oxy- 
gen. Accordingly, once 0% and C2 are determined 10 
for a particular sonic cell design, only a single 
calibration (C3) is required during production of the 
sonic cell 10. The constants Ci, C2 and C3 are 
stored in the non-volatile memory 41 along with the 
above formula for use by the microprocessor 40 in 75 
solving the above equation. 

The bulk flow rate of the gas may be cal- 
culated in liters per minute from the measured 
forward and reverse times and the formula: 

20 



F = 2.356xl0 J LD 2 



V'/ **) 



25 



wherein V is the bulk gas flow rate through the 
tube 25, L is the length of the gas flow path 
between the sensors 12 and 13 through the tube 
25 and D is the inside diameter of the coil 28. 30 
Various equivalent forms of the above equation are 
well known and may be found in many texts cover- 
ing the physics of sound propagation. 

In an exemplary sonic cell 10, a tube having a 
length of 0.8128 meters and a diameter of 0.00798 35 
meters was used. The constants were C1 = -6.008, 
Cz = -0.273 and C3 = 905.3. The measured 
temperature T was 298.0° Kelvin, the forward son- 
ic wave travel time was t f = 0.002625 second and 
t r =0.0026368 second. Using this data, the bulk 40 
flow rate V was calculated as 2.0 liters per minute 
and the oxygen concentration P was calculated as 
95.7%. Other sensors were successfully tried with 
tubes 25 having lengths ranging form 0.33 meters 
to 1 .09 meters. 45 

It will be appreciated that various modifications * 
and changes may be made to the above described 
preferred embodiment of a gas concentration 
and/or flow sensor without departing from the spirit 
and the scope of the following claims. Although the 50 
sensor has been described for measuring both the 
bulk flow rate of a gas and the concentration of a 
component of the gas, it will be appreciated that 
the sensor may be used for measuring only one of 
these properties when there is no need to measure 55 
the other property. 



Claims 

1. A sensor for determining at least one of the 
bulk flow rate of a gaseous medium and the 
content of a component of the gaseous me- 
dium comprising first and second piezoelectric 
transducers mounted a predetermined distance 
apart, said transducers having a predetermined 
high resonant frequency, a tube extending be- 
tween said transducers, said tube having a first 
end adjacent said first transducer and a sec- 
ond end adjacent said second transducer, hav- 
ing a length greater than said predetermined 
distance and having a predetermined small 
internal diameter, means for flowing a gaseous 
medium through said tube, means for alter- 
nately applying an electric pulse to said first 
and second transducers, each transducer es- 
tablishing a wave which travels through the 
gaseous medium in said tube to the other 
transducer in response to an applied pulse, 
means for measuring the time for each such 
wave to pass between said transducers, means 
for measuring the temperature of the gaseous 
medium flowing through said tube, and means 
responsive to measured times for the wave to 
travel in the gas flow direction and to travel 
opposite the gas flow direction and to the 
measured temperature for determining at least 
one of the bulk flow rate of the gaseous me- 
dium through said tube and the content of a 
component of the gaseous medium. 

2. A sensor, as set forth in claim 1, wherein said 
means for alternately applying an electric 
pulse to said first and second transducers ap- 
plies a single pulse having a length of substan- 
tially one half the wavelength of said predeter- 
mined high resonant frequency. 

3. A sensor, as set forth in claim 1 , wherein said 
temperature measuring means is located in 
substantially the center of said tube. 

4. A sensor, as set forth in claim 3, wherein said 
temperature measuring means is a thermistor 
having first and second leads, and wherein 
said first lead extends from said first tube end 
and said second lead extends from said sec- 
ond tube end. 

5. A sensor, as set forth in claim 1 , wherein said 
determining means is a microprocessor. 

6. A sensor, as set forth in claim 5, wherein said 
means responsive to measured times and to 
the measured temperature determines the con- 
tent of a component P of the gaseous medium 
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according to the formula 
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+cr+c 3 , 



12. 



and such gaseous is caused to flow around 
said second transducer as it is removed from 
said second chamber. 

A sensor, as set forth in claim 1 1 , wherein said 
manifold and said tube are made of a plastics 
material. 



wherein Ci , Oi and C3 are constants, T is the 
measured absolute temperature of the gaseous 
medium, t f is the measured time in the gas 
flow direction and t r is the measured time 
opposite the gas flow direction. 



13. A sensor, as set forth in claim 12, wherein said 
70 tube is formed into a coiled loop, and further 

including a bracket secured to said manifold, 
and means for supporting said coiled loop 
from said bracket. 



7. A sensor, as set forth in claim 5, wherein said 
means responsive to measured times and to 
the measured temperature determines the bulk 
flow rate of the gaseous medium according to 
the formula 



75 



K = 2.356xl0 4 LD 2 



wherein L is the length of the flow path be- 
tween the transducers, D is the inside diameter 
of the tube, t f is the measured time in the gas 
flow direction and t r is the measured time 
opposite the gas flow direction. 
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14. A sensor, as set forth in claim 13, and wherein 
said temperature measuring means comprises 
a thermistor located in substantially the center 
of said tube, said thermistor having a first lead 
which extends from said first tube end and 
having a second end which extends from said 
second tube end. 

15. A sensor, as set forth in claim 14, and wherein 
said predetermined small internal diameter of 
said tube is substantially the same as the 
wavelength of said predetermined high reso- 
nant frequency of said transducers. 
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8. A sensor, as set forth in claim 1, wherein said 
tube is formed into a coil of at least one loop. 



9. A sensor, as set forth in claim 1, wherein said 35 
predetermined small internal diameter of said 

tube is substantially the same as the 
wavelength of said predetermined high reso- 
nant frequency of said transducers. 

40 

10. A sensor, as set forth in claim 1, and further 
including a printed circuit board, wherein said 
transducers are mounted on said printed circuit 
board, a manifold forming a first chamber ar- 
ound said first transducer and forming a sec- 45 
ond chamber around said second transducer, 
wherein said first tube end communicates with 

said first chamber and said second tube end 
communicated with said second chamber, and 
wherein said means for flowing a gaseous me- 50 
dium through said tube includes means for 
delivering such gaseous medium to said first 
chamber and for removing said gaseous me- 
dium from said second chamber. 

55 

11- A sensor, as set forth in claim 10, wherein 
such gaseous medium is delivered to said first 
chamber to flow around said first transducer 
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FIG. 4 
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